In the flare event of 1999 March 18, a threadlike structure observed in EUV Imaging Telescope images was found to move inward and collapse to an X-shaped configuration below the ejecta, strongly suggestive of the occurrence of magnetic reconnection. On the basis of the numerical results of a coronal mass ejection (CME) flare model, a similar threadlike structure in the Fe xii 195 image is reproduced in this Letter. It is found that, A as in the observations, the thread experiences an outward motion in the preflare phase, which is followed by an inward motion. Our simulation suggests that its formation and outward motion in the preflare phase result from the CME expansion; after the onset of the flare, the threadlike structure is always located on the upstream side of the interface between the reconnection inflow and outflow. Its apparent inward motion, which is several times slower than the in situ reconnection inflow, is mainly attributed to the rising motion of the reconnection X-point.
INTRODUCTION
As an important mechanism in plasma physics, magnetic reconnection has been applied to explain various phenomena in the laboratory, geophysics, astrophysics, etc. (Priest & Forbes 2000; Hoshino, Stenzel, & Shibata 2001) . In solar physics, magnetic reconnection was proposed to be the mechanism of flares more than 40 years ago, on the basis of early observations. Compact flares may result from direct reconnection between two magnetic loop systems in the corona, whereas two-ribbon flares may result from magnetic reconnection below an erupting filament, which itself was triggered by magnetic reconnection between emerging flux and the preexisting magnetic field (Heyvaerts, Priest, & Rust 1977) . This was later named "two-step reconnection" by Wang & Shi (1993;  see also Zhang, Wang, & Nitta 2001) and numerically simulated by Chen & Shibata (2000) .
Much observational evidence was reported to support the magnetic reconnection model for solar flares. The loop-top hard X-ray source (Masuda et al. 1994 ) and soft X-ray (SXR) ejecta (Shibata et al. 1995) discovered by the Yohkoh satellite suggest that reconnection occurs in the corona above the compact flares, while the observed apparent motions of flare ribbons and loops, as well as the shrinkage of reconnected field lines, are clear signatures of magnetic reconnection in the two-ribbon flares (Tsuneta et al. 1992; Forbes & Acton 1996) .
Recently, Yokoyama et al. (2001) found evidence of reconnection-related inflow in observations by the Solar and Heliospheric Observatory (SOHO) EUV Imaging Telescope (EIT; Delaboudinière et al. 1995) . In the Fe xii 195 images, a void, A which is thought to be a hot plasmoid, is seen to be ejected, and a threadlike structure surrounding the void moves inward and collapses to an X-shape. Below this, postflare loops are seen to rise apparently. The authors argued that the inward motion of the thread, with a speed of ∼5 km s , is the reconnection inflow.
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However, this conclusion should be checked carefully since we cannot exclude the possibility of an apparent motion. In this Letter, on the basis of the coronal mass ejection (CME) flare 1 Kwasan Observatory, Kyoto University, Kyoto 607-8471, Japan; shibata@ kwasan.kyoto-u.ac.jp.
2 Department of Astronomy, Nanjing University, Nanjing 210093, China; chenpf@nju.edu.cn. model of Chen & Shibata (2000) , we investigate the nature of the observed threadlike structure in the Fe xii 195 images and A examine its validity as a tracer of reconnection inflow. In § 2, we briefly describe the observations of the flare event and our numerical method. The simulation results are shown and compared with the observations in § 3. Finally, the nature of the threadlike structure is discussed in § 4.
OBSERVATIONS AND NUMERICAL METHOD

Observations
At about 4:00 UT on 1999 March 18, a GOES C5.2 flare began to erupt on the northeast limb. Also, a CME occurred, as shown by the C2 coronagraph of the Large Angle Spectroscopic Coronagraph (LASCO) on board SOHO. This event presented a typical CME-flare paradigm; i.e., before the impulsive phase of the SXR flare, the overlying coronal loop began to expand, and in the impulsive phase, the CME was accelerated rapidly. It is a little strange that although the SOHO/ EIT images indicate that this flare is a long-duration event, there are only a few impulsive flares after 04:00 UT in the GOES light curve. One possibility is that the flare is so weak that the temperature of the flaring loop (2.7-4.2 MK according to Yokoyama et al. 2001 ) is below the sensitive regime of GOES detectors.
In the Fe xii 195 images taken with SOHO/EIT, Yokoyamå A et al. (2001) found a threadlike structure surrounding an erupting void above the flare. The structure is seen to move inward and form an X-shaped configuration suggestive of the occurrence of magnetic reconnection.
Numerical Method
Two and a half dimensional time-dependent compressible resistive MHD equations are numerically solved by a multistep implicit scheme (Hu 1989; Chen, Fang, & Hu 2000) . Seven independent dimensionless variables are solved: density (r), velocity ( , , and ), magnetic field ( ,v v v
where is the magnetic flux function), and temperature (T); w the x-axis is horizontal, the y-axis is upward, and all quantities are invariable along the z-direction. The units of r, T, and L are kg m , K, and 1.5 # 10 1.5 # 10 1.67 # 10 respectively, and that the Fe xii 195 intensity is derived by assuming unit A length along the line of sight. 
The initial conditions are almost the same as those used in Chen & Shibata (2000) with a uniform temperature. However, gravity is included here, so density is distributed as r p , where H is the pressure scale height. The force exp (Ϫy/H) balance within the flux rope is maintained by the z-component of the magnetic field, i.e., within , ,
where . Besides, field-aligned heat con-
Several mechanisms may trigger the onset of CMEs, e.g., shearing motion, converging motion, or flux emergence. Here, similarly to in Chen & Shibata (2000) , flux emergence is simulated to appear below the flux rope by gradually changing the magnetic field flux at the bottom boundary within . channel signal of the threadlike A structure (see Dere et al. 1997; Warren et al. 1999) . 
NUMERICAL RESULTS
As discussed in Chen & Shibata (2000) , the emerging flux cancels the existing magnetic field lines below the flux rope, leading to a decrease in the in situ total pressure. The horizontal gradient force drives the lateral plasma and field lines inward, and a current sheet is formed below the flux rope. Reconnection in the current sheet results in the ejection of the flux rope, which in turn evacuates the plasma in the current sheet and enhances the reconnection inflow. This replenishment fuels the fast ejection of the flux rope above and a cusp-shaped flare below. Figure 1 shows the evolution of the magnetic field (solid lines), velocity (arrows), and Fe xii 195 emission intensitẙ A (gray scale) in the bottom panels. For comparison, three snapshots of the Fe xii 195 images observed by SOHO/EIT are A displayed in the top panels. It is seen that as the upward reconnection jet collides with the underside of the flux rope, the latter is pushed upward. The erupting flux rope forces the surrounding field lines to expand, causing the formation of a thread around the flux rope. After its passage, the plasma and frozenin field lines are carried inward as the reconnection inflow. The threadlike structure is then evident near the interface between the reconnection inflow and the outflow. The threadlike structure has an X-shape near the reconnection region. Note that the postflare loops are not as bright as in observations since the effect of evaporation is not included.
As the flux rope stretches the field lines, the reconnection X-point simultaneously rises, with a speed of . Above 0.015v A the X-point, such a rising motion leads to an impression that the slow shock pair, and hence the attached threadlike structure, are moving inward. The apparent inward motion is also illustrated in Figure 2 , which shows the evolution of the Fe xii 195 emission in both observation (left) and simulation (right) A along the solid lines specified in Figure 1 . It is found that the numerical scenario shows an evolution similar to the observation; i.e., as the flux rope pushes its way upward, an outwardmoving pattern is seen initially as indicated by the white dashed arrows and is followed by an inward-moving pattern, as indicated by the white solid arrows. Coincidently, both observation and simulation show another inward-moving bright pattern separated from the threadlike one by a dimming region, as indicated by the black arrows. Note that the inward-moving thread is located on the upstream side of the interface between the reconnection inflow and the outflow. This is also indicated in Figure 3 , which presents the horizontal distribution of , A The narrow bumps correspond to the threadlike structure in Figure 1 . It is also seen in Figure 3 that the inward-moving speed of the thread at in the right panel of Figure 2 , t p 60t A ∼0.02 , is about two-fifths of the local inward velocity at the v A upstream.
DISCUSSION
According to the SOHO/EIT observations of the 1999 March 18 flare, a bubble-like void in Fe xii 195 was ejected above A the solar limb and was accompanied by a surrounding thread-like structure. Below the void, the threadlike structure was seen to move inward and merge toward an X-point: a typical pattern for magnetic reconnection. Therefore, Yokoyama et al. (2001) proposed that this inward-moving structure is evidence of reconnection inflow, and its velocity is derived to be about 5 km s . They also considered the effect of the rising recon-Ϫ1 nection X-point, which leads to an estimate of the inflow velocity of ∼1 km s .
Ϫ1
In this Letter the Fe xii 195 emission is calculated on the A basis of numerical results from the CME-flare model of Chen & Shibata (2000) . It is shown that this threadlike structure is initially formed and moves outward because of the compression of expanding magnetic loops with an embedded flux rope. After the eruption of the flux rope, the plasma below is evacuated and the lateral magnetized plasmas are squeezed inward, triggering reconnection. It is found that the threadlike structure resides on the upstream side of the slow-shock pair, as indicated by the bumps in Figure 3 . The enhanced emission intensity results from the appropriate temperature of the inflow plasma, which is cooled first by adiabatic expansion and then heated by the thermal conduction front (Forbes, Malherbe, & Priest 1989) . Its inward motion is not mass motion since its speed, , is only two-fifths of the local bulk velocity at the up-0.02v A stream in the numerical scenario. The motion patterns illustrated in Figure 2 can be understood as follows: First, the erupting flux rope, with its compressed envelope, passes the horizontal line ( ). The widening intersection is reprey p 2.5 sented by the initial outward motion in the figure, which continues until half the flux rope has passed. Thereafter, the motion bifurcates into an outward motion due to the compression and an inward apparent motion at least partly due to the rising motion of the X-shaped threadlike structure.
As shown in Figure 1 , the threadlike structure is inclined with respect to the y-axis by ∼45Њ around . This implies that t p 60t A the rising motion of the reconnection X-point can account for an inward velocity of ∼ , i.e., ∼ , for the 0.015v / tan 45Њ 0.015v
A A threadlike structure above the X-point. The remaining 0.005v A is attributed to the decreasing included angle of the threadlike structure, as indicated by its sharper included angle at t p in Figure 1 . Accordingly, in the 1999 March 18 flare event, 100t A since the threadlike structure is inclined at ∼20Њ relative to the eruption direction, the apparent speed, ∼5 km s as derived by Ϫ1 Yokoyama et al. (2001) , may imply that the reconnection Xpoint rises with a speed of ∼ km s , while the Ϫ1 5/ tan 20Њ ∼ 13 velocity of the inflow still remains unknown.
Another piece of evidence that does not favor the interpretation that the observed moving thread is the same field line comes from the fact that at a lower height (as indicated by the dashed lines in Fig. 1 ), the threads separate at a later stage, possibly after the passage of the rising reconnection X-point. The outward motion is indicated by the dashed arrow in the left panel of Figure 4 , which depicts the intensity evolution along the dashed lines in Figure 1 . The numerical counterpart is shown in the right panel. In both cases, the threadlike structures bordering the emission depression move apart. Two factors contribute to the separation of the threadlike structure, or the reconnection separatrix, near the solar surface. One is that the reconnection X-point is rising, and the other is the pileup of flaring loops.
Another relevant question is why the reconnection-associated inward motion is rarely observed. The capture of only one event so far is probably due to the fact that this event occurred above the limb and was observed face-on. Figure 5 presents the Fe xii 195 image calculated from the numerical results at A t p (left) and the temporal evolution of the emission intensity 60t A along the horizontal line (right) for a horizontally iny p 2.5 clined viewing angle of . Here the extension of the erupting 20Њ system is assumed to be 75,000 km in the z-direction. It is seen that the threadlike structure becomes rather diffuse, and in the actual situation it would become very hard to distinguish from the background emission. Besides, it is sometimes argued that the observed inflow may be apparent motion due to solar rotation or large-scale twisting, which is beyond the scope of this Letter. However, we mention in passing that the rotation effect could be neglected since other coronal loops above the solar limb show very slow apparent motions.
To summarize, based on a simulation model, our research confirms that the SOHO/EIT threadlike structure and its motion present evidence of magnetic reconnection, in particular the existence of reconnection inflow, as proposed by Yokoyama et al. (2001) . However, our simulation provides another interpretation of its nature. The numerical results suggest that this Xshaped thread should be an apparent structure on the upstream side of the Petschek-type slow-shock pair, or more precisely, on the thermal conduction front slightly dissociated from the slow shock. The speed of its apparent inward motion, which is 2.5 times smaller than the local bulk velocity in our numerical scenario, is explained as mainly due to the rising motion of the reconnection X-point.
